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WORK  COMPLETED 


1.  OXYGEN  TR/lNSPORT  FROM  TWO  HEMOGLOBIN  COMPARTMENTS 

i;  ^ 

INTRO! UCTION 

Tv/o  compartments  for  hemoglobin  exist  during  the  exchange  trans- 
fusion  bf  a primate  v/ith  hemoglobin-saline  solution.  One  is  the  endo- 
genous hemoglobin  witliin  the  red  blood  cells,  and  the  other  is  the 

<• 

exogenous  hemoglobin  in  the  extra-erythrocytic  space.  Because  of 

< n 

differences  in  oxygen  affinity  and  in  physical  environment,  the  loading 

and  unloading  of  oxygen  may  not  occur  in  a parallel  fashion  in  the  two 

♦ 

4 

compartijients . 

V'  « 

The  purpose  of  the  current  study  was  to  evaluate  loading  and 
unloading  of  oxygen,  in  each  compartment,  during  exchange  transfusion  of 
prima tes . 

I 

f 

MATERIALS  AND  METHODS 

» » 

Five  adult  baboons,  weighing  from  20.2  to  29.1  kg  were  the  test 
animals.  On  the  morning  of  each  study,  the  baboon  was  tranquilized 
within  its  cage  with  an  intramuscular  injection  of  0.8  mg/kg  of  phency- 
clidine hydrochloride  piperazine.  Under  local  anesthesia,  plastic 
catheters  were  inserted  in  bilateral  femoral  arteries  and  one  femoral 
vein.  They  were  positioned  in  the  inferior  vena  cava  and  the  abdominal 

J 

aorta.  A Swan-Ganz  thennistor-tipped  catheter  was  flow-directed  under 
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f. 
ti 

fluoroscopy,  into  the  pulmonary  arterial  bed.  Statham  pressure  | 

1 

transducers  were  connected  to  the  pulmonary  artery  and  abdominal  i 

aorta  to  nyjni toi»  aortic,  pulmonary  arterial,  and  wedge  pressures.  * 

The  remaining  pair  of  catheters  was  used  for  the  exchange  transfusion. 

Cardiac  output  was  determined  by  thermal  dilution,  using  a Columbus 
Instrument  Computer.  A lead  II  EKG  was  obtained  with  needle  electrodes.^ 

I 

The  signals  from  all  transducers  were  recorded  on  a Brush  multichannel 
oscillograph.  A temperature  probe  was  positioned  in  the  abdominal 
cavity  through  a small  incision  in  the  abdominal  wall.  The  trachea  f. 
was  intubated'  anfl.  the  baboon  was  paralyzed  by  frequent  I.V.  injections  ft  j 

of  d-tubocurarine.  The  baboon  was  mechanically  ventilated  with  room  | 

air,  in  the  prone  position.,  with  axillary  supports.  During  the  base 
line  perijnd  the  tidal  volume  and  respiratory  rate  were  adjusted  to 
produce  an  arterial  pCO^  between  33  and  47  mm  Hg.  These  ventilator 
settings  v;ere  held  constant  throughout  each  study.  The  body  tempera- 
ture was  stabilized  by  raising  the  ambient  temperature. 


The  experimental  protocol  consisted  of  our  standard  exchange 
transfusion  with  hemoglobin-saline  solution.  Blood  samples  and 
hemodynamic  measui^ements  were  obtained  during  the.i  control  period,  and 
at  hematocrits  of  30,  20,  10,  and  5.  Hemodynamic  variables  were  heart 
rate,  aortic  pressure,  pulmonary  arterial  pressure,  wedge  pressure, 
and  cardiac  qutput.  Arterial  and  mixed  venous  blood  samples  were 
obtained  ancrobical ly . Aliquots  were  centrifuged  to  provide  anerobic 
samples  of  arterial  and  mixed  venous  plasma.  Arterial  and  mixed  venous 
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whole  blood  gases  were  determined  jsing  an  IL  313  blood  gas  analyzer. 
Oxygen  content  was  obtljined  using  a Lexington  Instrument  fuel  cell. 

h ^ ■ 

Oxygen  corttents  v/ere  measured  on  whole  blood  and  plasma  aliquots 

from  the  arterial  and  venous  samples.  Hematocrit  was  determined 

in  a standard  manner  with  micro-hematocrit  tubes  and  a centrifuge.  ^ 

Whole  blood  and  plasma  capacity  were  estimated  by  equilibrating 
1 

samples' with  room  air,  and  measuring  oxygen  contents.  Red  cell 
contents  and  capacities  were  calculated  from  the  whole  blood  and  ^ 

plasma  values-,  using  the  balance  equations.  Fractional  saturations 

< ; 
were  calculated  from  contents  and  capacities.  Hemoglobin  congontrations 

•t 

were  calculated  from  capq^ities,  assuming  standard  binding  coefficients 

i,.  ■> 

for  eagh  type  of  hemoglobin.  Oxygen  consumption  was  calculated  from 
the  cardiac  output  and  the  whole  blood  arterial-venous  oxygen  content 
difference. 


RESULTS 


Table  I contains  the  hemodynamic  and  consumption  data.  The  mean 
arterial  pressure .showe^  a transient  increase  at^the  start  of  the 
transfusion,  followed  by  a progressive  fall  in  blood  pressure.  The 
mean  pulmonary  arterial  pressure  remained  constant  until  the  lowest 
hematocrit,  when  it  began  to  rise.  The  pulmonary  wedge  pressure  did 
not  change  during  the  exchange  transfusion.  The  cardiac  output, 
body  temperature,  and  oxygen  consumption  were  constant  during  the 
exchange  transfusion.  The  heart  rate  decreased ^during  the  early 


ft 


phases  of  the  transfus ion.  As  the  exchange  continued,  the  heart 
rate  increased. 

Table  II  contains  the  blood  gas  data.  The  pH  dropped  slightly 
during  the  transfusion.  No  changes  were  observed  in  the  pCO^.  or  in 
the  arterial  PO2.  An  obvious  decrease  in  venous  PO2  occurred  during  ^ 
the  sturdy. 

A . 

Tables  III  and  IV  show  the  oxygenation  data  for  the  two  compart- 
ments. The  hc'iiic^jlobin  concentration  is  expressed  as  grams  hemoglobin 
per  100  cc  of  whole  blood.  There  was  a progressive  decrease  fn 

rbc  hemoglobin,  with  a cc+icomitant  increase  in  plasma  hemoglobin. 

V'» 

The  oxygen  content  is  expressed  as  cc  O2,  per  gram  hemoglobin  of  that  1^' 
compartment.  The  arterial  contents  of  both  compartments  did  not  v 

change.  The  venous  contents  of  the  red  cells  fell  markedly  below  a 
hematocrit  of  30.  The  venous  plasma  contents  exhibited  a slight 
drop  below  a hematocrit  of  20.  The  fractional  saturation  data  was 
parallel  *to  the  contents.  The  "extraction  ratio"  is  defined,  for 
.each  compartment,  as  the  A-V  O2  difference  divided  by  the  arterial 
content.  The  extraction  ratio  for  each  compartmo-nt,  is  a function 

I' 

of  the  oxygen  consumed,  and  the  interchange,  of  oxygen  between 

■ 1 

compartments.  The  red  cell  extraction  ratio  rose  markedly  below 
a hematocri t,of  30.  The  plasma  extraction  ratio  shov/ed  a slight 
increase  at  the  lowest  hematocrits. 


TABLE  I 


HEMATOCRIT 


40 

30 

20 

10 

5 

MEAN  ARTERIAL  PRESSURE 

121* 

143 

94 

« . 

76 

65 

(trunllg) 

til** 

14 

13 

1 

.r 

MEAN  PULMONARY  AfUERIAL 

12 

17 

14 

15 

25 

PRESSURE  (ninillg) 

1,  ^ 

3 

4. 

1 

4 

14 

1 

PULMONARY*iv)EDGE  PRESSURE 

2 

1.5 

1 

C .] 

... 

(ninilkj) 

2 

2 

-- 

-- 

-- 

CARDIAC  OUTPUT 

3.1 

2.3 

3.8 

3.3 

2.6 

(L'/min) 

1 

1. 

0.8 

0.4 

0.1 

1.8 

HEART  RATE 

1 

125 

118 

158 

142 

175 

k 

(beats /min) 

26 

31 

25 

25 

TEMPERATURE 

35.6 

34.1 

36.7 

36.2 

35.9 

( ° C) 

2.3 

1. 

1.3 

2. 

1.6 

OXYGEN  CONSUMPTION 

4.3 

2,8 

5.1 

4.0 

2.9 

(cc/min  - kg) 

2.1 

— 

1 

2. 

2. 

* Mean 


**  Standard  Deviation 


TABLE  II 


k.  > BLOOD  GASES 


ARTERIAL 

pH 


VENOUS 

pH 


pCO^ 


PO2 


Mean 


Hematocri t 


40 

30 

20 

10 

5 » 

7.41* 

7.34 

7.33 

7.25 

7.14 

t 

i .04** 

+.  .06 

i .12 

± .12 

t-97 

2<J.OO 

35.00 

20.00 

37.00 

' 29.00 

.'.8.00 

i5.00 

^ 5.00 
c. 

±10.00 

♦ 2.00 

110.00 

118.00 

102.00 

104.00 

94.00 

i 31 .00 

±1.00 

±35.00 

±30.00 

±37.00 

7.38 

7.39 

7.30 

7.20 

1 i 

7.16 

\ 

i .04 

— 

,.±  .1’ 

± .11 

.t  -08 

39.00 

39.00 

46.00 

42.00 

36.00 

i6.00 

— 

± 16.00 

± 9.00 

± 2.00 

55.00 

52.00 

36.00 

29.00 

24.00 

^ 11.00 

... 

19.  GO 

± 13.00 

± 4.00 

**  Standard  Deviation 


TABLE  III 


K' 

i; 


02 


liEMATOCRIT 


h 

HEMOGLOBlh 

(gm/100  cc) 

► 40> 

li . 

30 

20 

10 

5 

Plasma 

0 

0.8 

1.3 

1.8 

2.4 

f 

1 

-- 

1.2 

1.1 

1.1 

1.1 

RBC 

10.1* 

7.5 

5.2 

1 - 

2.6 

1.2 

< il  . 7** 

±.06 

±.l 

1.6 

±.l 

i 


> 


1^ 


4- 

I...  4 

OXYGENuCONTEMT 


(cc  02/grt'lTb) 

, , Arterial  RBC 

1.15 

1.24 

1.20 

II.. 

1.17 

1.28 

1 .13 

±.18 

1.05 

1.19  • 

±.15 

Arterial  Plasma 

1 

— 

0.98 

1.20 

1.22 

1.32 

1 

±.06 

±.11 

1.01 

±.02 

k 

Venous  RBC 

» 

0.88 

0.83 

0.49 

.11 

0.29 

0.04 

•.04 

-- 

1.34 

1.34 

±.06 

Venous  Plasma 

.78 

1.31 

1.00 

.96 

-- 

-- 

± .01 

± .08 

± .06 

* (lean 

**  Standard  Deviation 


. 
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DISCUSSION 

The  clota  in  Tables  III  and  IV  shows  that  both  forms  of  hemo- 
globin aru' capal^le  of  loading  oxygen  in  the  pulmonary  circulation. 

I> 

The  quantitative  differences  are  too  small  to  be  discerned  by  our 
data.  Major  dif'erences  occur  in  the  unloading,  as  shown  by  the 
venous  data.  Red  cell  hemoglobin  loses  its  oxygen  more  rapidly 
and  completely  than  the  plasma  hemoglobin.  In  the  ]0%  to  2051 
hematocrit  range,  which  is  of  clinical  interest,  the  red  cells  have 
lost  60%  to  701.;  of  tlieir  oxygen,  while  the  plasma  hemoglobin  have 
lost  5%  to  lb"  pV  theirs.  At  the  loivest  hematocrits,  the  red  cells 
have  lost  97,;.  of  their  oxygen,  while  the  plasma  hemoglobins  have 

I 

only  Ipst  26/,'.  of  theirs. 

, 

The  PijQ  oF  normal  baboon  hemoglobin  is  in  the  26-30  mmHg  range. 
The  P5Q  of  the  hemoglobin  solution  varies  between  12-16  mm  Hg. 

Most  experimental  and  theoretical  studies  show  that  the  transit  time 
through  the  exchange  vessels  is  long  enough  for  chemical  equilibrium 
to  occur  'between  hemoglobin  and  oxygen.  Hence,  our  results  are 
consistent  with  the  difference  in  the  oxygen  dissociation  curves  of 

I 

the  two  species  of  hemoglobin. 


The  amount  of  oxygen  released  by  hemoglobin-saline  solution  is  a 
small  fraction  of  the  total,  until  the  hematocrit  falls  to  extremely 
low  levels.  Evidence  suggests  that  a major  factor  is  the  P50  of  the 
hemoglobin  solution.  An  increase  in  P50  to  about  28  mm  Hg  should 


I 


ri 


2.  INTRAVASCULAR  PERSISTENCE  OF  2,3-DPG 

INTRODUCTION 


The  low  Pr,Q  of  stroma-free  hemoglobin  solution  is  due  to  several 
reasons,^,  including  the  "stripped"  nature  of  the  hemoglobin  molecule. 

Normal  ligands  such  as  2,3-DPG  or  ATP  are  absent,  because  the  hemoglobin 
solution  is  prepared  from  outdated  blood.  One  direct  approach  to  n^irmali- 
zation  of  P50  w^<ijld  be  to  include  exogenous  2,3-DPG  during  the  administration 
of  SFH.  The  purpose  of  this  pilot  study  was  to  evaluate  intro  vascular 
persistence  of  an  infusici.i  of  2,3-DPG. 


MATERIALS  AND  METHODS 


2,3-Dl’G  was  obtained  from  Sigma  Chemicals  as  the  pentacyclohexyl- 
ammonium  salt.  The  free  acid  was  obtained  by  conversion  with  Dowex-50w 

I 

DPG  level's  were  assayed  using  an  ultra-violet  technique  (Sigma  35-UV). 

An  infusion  solution  was  prepared  containing  30  mi cro-moles/cc  of  DPG. 

» 

» 

* 

A 19.1  kcj  male  baboon  was  prepared  in  the  usual  fashion  with 
catheters  in  the  abdominal  aorta  and  inferior  vena  cava.  The  urinary 
bladder  was ,catheterized.  A continuous  infusion  of  2,3-DPG  was  started 
and  maintained  at  a 3 mi  1 1 i -mole/hour  rate  for  two  hours.  Heart  rate, 
arterial  and  central  venous  pressures,  respiratory  rate,  and  hersfocrit 


ji 


were  nioni  LorccI  cluriny  the  infusion.  Samples  of  whole  blood,  plasma, 
and  urine  were  analyzed  for  DPG  dui  ing  the  control  period,  a,;d  after 
one  and  tuvi  11001*“,$  of  infusion. 


RESULTS 

Tdfble  I contains  the  baseline  hemodynamic  values.  These  did  not 

i 

change  during  the  two  hours  of  infusion. 

.<  ■ 

Table  ll  c6ptains  the  DPG  concentrations  during  the  control 
period,  and  after  one  and  two  hours  of  infusion.  No  significp't 

I . 

changes  in  whole  blood  DI^G  concentrations  were  seen.  The  plasma  levels 
viere  bet^w  the  limits  of  sensitivity  of  the  assay.  ^ flo  DPG  was  seen  in 
the  urine  during  the  control  period.  Significant  amounts  of  DPG  were 
present  in  the  urine  after  the  start  of  infusion. 

DISCUSSION 

We  estimate  that  urinary  loss  accounted  for  about  10%  of  the 
infused  DPG.  If'the  DPG  was  distributed  uniforralv  in  the  total  extra- 
cellular space,  the  resulting  plasma  concentration  would  be  below 
the  limits  of  the  assay.  In  addition,  there  is  evidence  that  DPG  can 
be  converted  by  plasma  enzymes,  both  in  vivo  and  in  vitro. 


This  pilot  study  shov/ed  that  there  is  no  significant  plasma 
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p6rsistenc6  to  infused  iDPG.  It  is  possible  that  the  weak  chemical 

bond  between  Dpd  and  de-oxyhemoglobin  would  protect  the  DPG  from  the 

mechanisms  of  removal.  However,  the  DPG  v/ould  be  unprotected  when 

the  hemoglobin  became  oxygenated.  We  conclude  that  normalization 

of  the  hemoglobin  P50  cannot  be  accomplished  using  free  DPG. 

.1 

1 


•13- 


TABLE  1 


VITAL  SIGNS 


Hematocri t 
Respiratory  Rate 

>■  i 

Heart  Rate  ' 

Mean  Arterial  Pressure 

* ^ 

SystoT-ic  Arterial  Pressure* 

I. 

DiastolVr.  Arterial  Pressure 
Central  Venous  Pressure 


Control  Period 

44 

33/mi n 
125/inin 
135  mm  Hg 
165  mm  Hg 
115  mmd'g 
9 inm  Hg 


•w 


TAB.  E II 


)» 

n 


Whole  Blood 
Plasma 
Urine 
u 

*Concentratinn 


2,3-DPC  LEVELS 


Control  Period  One  Hour  Infusion  Two  Hour  Infusj^ 


1.73* 

0 

0.15  (N.S.) 


2.23 

0.15  (fl.S.) 
3.50 


2.08 

.*•  ' 

0.23  (M.S.) 

Ct 

2.54 


expressed  as  micro-moles/cc 
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3.  NEURONAL  FUNCTIOr^  DURING  INFUSION  OF  HEMOGLOBIN-SALINE  SOLUTION  ‘ 

I 

' . i 

iNTROrUCTION 

» 

Baboons  consistently  show  a significant  drop  in  mixed  venous  PO2 
1 

after  exchange  transfusion  with  stroma-free  hemoglobin.  This  is 
related,  at  least  in  part,  to  the  high  oxygen  affinity  of  the  infused 
hemoglobin.  The  change  in  PO-  reflects  a drop  in  interstitial  and 
intracellular  P0‘^,  in  some  organs.  The  possibility  of  tissue  hypoxia  to 
the  heart  and  brain  has  been  a source  of  concern  to  us.  Previous 

i ' 

work  has  shown  a small  but  significant  loss  of  cardiac  reserve  after 
exchange  f raiisfuion.  The  purpose  of  this  pilot  stud^  was  to  evaluate 

v' 

central  nervous  system  activity  during  exchange  transfusion,  using  |j 

the  evoked  response  as  a measure  of  functional  integrity.  | 

MATERIALS  AND  METHODS 

, - — - I ^ 

I 

’ 

Two  male  baboons  (20-23  kg)  were  the  test  animals.  They  were 

>•< 

prepared  for  exchaiige  transfusion  with  SFH,  using  our  standard 
techniques.  Somatosensory  and  visual  evoked  potentials  (SEP  and 
VEP)  were  obtained  from  EEG  signals  using  scalp  needle  electrodes. 

The  recording  electrode  for  the  SEP  was  placed  on  the  scalp  over  the 
right  post-central  gyrus.  The  recording  electrode  for  the  VEP  was 
placed  1 cm  to  the  right  of  the  midline  and  2 cm  caudal  to  the 

I. 

posterior  occipital  protuberance.  A reference  electrode  was  placed 


on  the  vortex. 


The  left  median  tH.‘rve  was  stimulated  for  the  SEI’.  The  stimulus 

pulse  had'la  2 112  frequency  and  a 0.1  millisecond  duration.  The  amplitude 

was  set  between  40  and  70  volts,  which  elicited  a twitch  of  the  opponens 
pollicis.  The  visual  stimulus  had  a frequency  of  2 Hz  and  a flash 
intensity  of  4 R.U.  The  EEC  and  stimulus  signals  were  analyzed  by  a 
Hicoleli Evoked  Response  Computer.  The  filter  time  constant  was 
1 millisecond;  the  input  sensitivity  was  + 2 volts;  and  the  ADC 
resolution  was  9 bits.  The  dwell  time  was  200  milliseconds  per  ' 

'■  i 

address,  and  an  'average  of  64  sweeps  was  used.  The  latency,  or  ‘ 

elapsed  time,  from  stimuli  to  each  peak  of  the  evoked  response,  and 

I ‘ 

4 

the  peak  amplitude  of  the' posi ti ve/negative  sequence  of  each  evoked 
respons6'was  measured.  Increase  in  latency,  and  d^jc'^ease  in  peak 
amplitudes  are  consistent  responses  of  tl^e  central  and  peripheral 
nervous  system  to  hypoxia. 

T()e  evoked  potentials  were  obtained  during  the  control 
period,  and  at  hematocrits  of  30,  20,  10  and  5. 

» 

RESULTS  AND  DISCUSSION-' 


Figure  I contains  a typical  somatosensory  and  visual  evoked 
response.  'The  times  from  the  onset  of  stimulus  to  the  first  three 
positive  peaks  are  referred  as  the  , P^,  and  P^  latencies.  Table  I 
contains  the  results  for  the  latencies  of  the  somatosensory  evoked 
responses.  No  significant  trends  were  appareht  during  the  exchange 
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transfusion.  IJo  observed  great  va.  lability  in  peak  amplitud  s,  both 
in  replici|^te  ru.kS  from  each  animal,  and  between  animals.  To  some 
extent,  this  is  due  to  the  use  of  scalp  electrodes.  The  variability 
should  decrease  with  direct  surface  electrodes.  The  small  number  of 
animals  in  this  pilot  study  precludes  any  statistical  analysis  of  the  ^ 

data.  ,, 

« . 

One  result  of  this  pilot  study  is  that  both  types  of  evoked 
response  pcr^isfcd  during  the  total  exchange  transfusion.  The  evoked 
response  is  a sensitive  measure  of  altered  CNS  function  due  to  hypoxia. 

I ' 

Hence,  these  preliminary  ■♦results  make  it  unlikely  that  massive  hypoxia 
occurs  during  SFH  administration. 

^ ' • ' 1!  .iT 


rw 
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TABLE  I 


Averacje  Latencies  of  SEP'*' 


HCT 

40 
30 
20 
10 
5 . 


* Average  from  2 animals 


* , 


^ Times  to  first,  second  and  third  positive  peaks  of  somatosensory 
evoked  response. 


P]* 

'’2* 

^3* 

11.6  msec. 

19.5 

33.8 

13.8 

20.3 

40-.1 

■1 1 

12.1 

14.8 

32.4 

11.8 

16.0 

42.9 

{ 

12.1 

16.0 

31.3 

f 

i'  ^ 

i 

( 

i 


r 
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II.  WORK  IN  PROGRESS 


1.  PERMATIZING  Oi>  ORGANIC  PHOSPHATES  TO  HEMOGLOBIN 


Organic  phosphates  containing  an  aldehyde  group  can  form  Schiff 
bases  with  the  N-terminus  of  the  beta-chain  of  hemoglobin.  If  the 

Schiff  base  is  reduced  with  sodium  borohydride,  the  organic  phosphate 

.1 

becomes  covalently  bound  to  the  hemoglobin  mole.ule.  Pyridoxal 
phosphate  has  been  bound  to  hemoglobin,  resulting  in  a molecule  with 
a reduced  oxygen  affinity.  Glycosylated  hemoglobin  (A]^)  can  be  formed 
in  a similar  manner,  using  glucose-6-phosphate.  Several  other  aldehyde 
phosphates  are  under  testing  for  their  ability  to  reduce  the  oxygen 

4 

affinitly  of  hemoglobin  and  their  ability  to  form  a Schiff  base  at  the 
M-terminuj  of  the  beta-chain.  These  compounds  incluue;  glycoaloehyde 
phosphate,  g iyceraldehyde-3-phosphate,  D-erythose-4-phosphate, 
D-arabinose-S-phosphate,  and  D-ribose-5-phosphate.  Figure  1 contains 
some  oxygen  dissociation  curves,  utilizing  the  Aminco  Heme-02-Scan. 

The  left  ^shifted  curve  was  obtained  from  our  SFH.  It  had  a P^q  of 
16  mm  Hg  and  a Hill  coefficient  of  2.0.  The  right  shifted  curve  was 

obtained  from  a mixture  lof  SFH  and  pyridoxal  phosphate.  The  P5Q  of 

* 

this  curve  was  24  mm  Hg  and  its  Hill  coefficient  was  2.2. 


Preparation  of  small  quantities  of  permatized  hemoglobin  solution 

for  testing  p'urposes  will  use  the  protocol  developed  by  Benesch  and 

Benesch.  To  936.4  ml  of  cold  stripped  SFH  solution  (0.27  mM) , 63.6 

ml  of  1 M cold  Tris  buffer  (pH  7.3)  is  added.  Caprylic  alcohol 

1. 

(4.6  ml)  is  added  to  prevent  foaming.  The  hemoglobin  solution  is 


4 


f 


FIGURE  1 OXYGEN  DISSOCIATION  CURVES 


deoxygenatecl  by  bubb\incj  nitrogen  through  it  for  30  minutes.  When  the 
solutiotl’  is  devgid  of  oxygen,  0.55  niM  of  the  organic  phosphate  in 

It 

45.5  ml  of  Tris  buffer  is  added.  The  pH  of  the  solution  is  adjusted 
to  6.8  with  0.1  N HCl.  nitrogen  is  bubbled  through  the  solution  for 

I 

an  additional  30  minutes  with  the  temperature  being  maintained  at 
10°  C.  ^5.5  inM  of  sodium  borohydride  in  45.5  ml  of  1 H sodium  hydroxide 
is  then  added  to  the  solution.  The  hydrolysis  of  the  sodium  borohydride 
will  cause  the  pH  to  rise  to  7.1.  Nitrogen  is  bubbled  through  the  , 
solution  for  ahather  hour.  The  reaction  at  this  point  is  complete.  •> 
The  SFH  solution  is  dialyzed  for  2 hours  at  5°  C against  4 c.,anges  of 

•i 

500  dpl  of  0.02M  phosphate. buffer  (pH  6.8).  The  yield  from  this  reaction 

i'.-* 

will  bte'  tested  for  oxygen  affinity  by  processing  fiamples  with  the  * 
.Aminco  Heme-02-Scan  oxygen  dissociation  analyzer.  In  vitro  stability 
of  the  permotized  molecule  will  be  determined  by  use  of  a closed 
loop  molecule  filtration  system.  Techniques  for  multi-liter  batches 
of  permatized  hemoglobin  will  be  developed  once  an  aldehyde  phosphate 

I ‘ 

is  choseii  based  on  these  studies. 


Aniihal  Evaluation  of  Permatized  ilemogl obi n 


I 
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The  animals  will  be  paralyzed  and  unanesthetized,  ventilated  on  room 

It 

air,  and  nprmotliermic.  Cardiac  output,  heart  rate,  body  temperature, 

arterial  pressure,  pulmonary  and  wedge  arterial  pressures  will  be 

monitored.  Arterial  and  mixed  venous  (pulmonary  arterial)  samples  will  ^ 

be  taken  for  blood  gases.  Oxygen  contents  will  be  measured  on  whole 
1 

blood  apd  plasma  from  arterial  and  mixed  venous  samples.  Oxygen 
capacity  of  whole  blood  and  plasma  will  be  obtained  by  measuring 
contents  of  samp<les  wliich  have  equilibrated  with  air.  Oxygen  dissociation 
curves  of  whole  blood  and  plasma  will  be  determined  using  the  /'"linco  '• 

I 

Heme-O^-Scan.  ^'50  and  llijl  coefficients  for  the  various  hemoglobin 
compartments  will  be  calculated  from  these  curves.  Total  hemoglobin, 
methemoglobin,  and  sul  fhemoglobin  concentration  of  whole  blood  and 
plasma  will  be  determined  using  the  Drabkin  cyanomet-hemoglobin  technique. 
Effective  hemoglobin  concentration  will  be  calculated  from  oxygen  capacities. 
Oxygen  consumption  will  be  calculated  from  cardiac  output  and  A-V  O2 
differencles.  Samples  will  be  obtained  at  base-line,  and  at  hematocrits 
pf  30,  20',  10,  5 and  0. 

» 

At  the  conclusion  of  the  experiment  statisti:al  analysis  of  the  data 
will  be  performed  to  determine  whether  or  nnt  additional  animal  experiments 
will  be  necessary  to  reach  a significant  result.  This  is  done  to  minimize 
the  number  of  animals  used. 


I, 
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2.  CEREBRAL  RESPONSE  TO  RED  CELL  .fIFUSlON  AFTER  IIEMOBLOBIN  ADMINISTRATION 

..  \ 

W 

Cerebrtil  luotabol  ism  and  function  can  be  maintained  during  moderate 

normovolemic  a?icmia.  Ihe  primary  compensation  appears  to  be  an  increase 

in  cerebral  blond  flov;.  At  hematocrits  below  about  lOio,  significant  ^ 

alterations  occur  in  the  monitored  parameters. 

\ 

I 

Several  groups  of  investigators  (1,2, 3, 4)  have  reported  that  after 

hypotension, 'isi^iiemia , or  severe  normovolemic  aneiaia,  transfusion  of 

red  cells  did  not  reverse  defects  in  observed  function  or  meta'^ol ism. 

.1  • 

We  have  observed  that  re-^infusion  of  shed  red  cells,  after  the  baboon 
has  been'at  0 hematocrit  and  maintained  on  SFH  for  serveral  hours,  results 

. i.  K- 

in  a significant  flattening  of  the  EEG.  On  autopsy,  the  brains  appear 
ischemic. 

The  purpose  of  tliis  study  will  be  to  study  the  effect  of  SFH  on 
1 

cerebral’ liietabol ism  during  normovolemic  anemia  and  subsequent  tranfusion  * 

A 

•'of  shed  red  cells. 

I 

ft 

A group  of  four  baboons  will  be  studied.  The  protocol  consists  of 
three  stages.  Stage  1 is  a control  period.  During  Stage  2,  the  animal 
is  exchange, transfused  with  SFH  to  some  fixed  hematocrit  and  maintained 
for  three  hours.  In  Stage  3,  the  washed  packed  shed  red  cells  are 


transfused,  using  physiologic  pressures.  At  the  end  of  Stage  3,  the 
animal  is  sacrificed  and  the  brain  removed  for  (examination. 
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a 

MoasureiiietiLs  will  be  obtained  for  each  stage.  These  include  the 
standard  hpmodyi'ainic,  blood  gas,  and  content  determinations.  In  addition, 

'h 

the  internal  jugular  vein  will  be  catheterized  to  obtain  mixed  venous 
samples  of  cerebral  blood.  Cerebral  blood  flow  will  be  estimated  using 
the  nitrous  oxide  technique.  Oxygen  and  glucose  concentrations  will  ^ 
be  obtained  for  cerebral  arterial  and  mixed  venous  samples.  This 

I 

data  will  permit  us  to  calculate  oxygen  and  glucose  consumption  at  each 
stage  of  the  study.  A randomized  sequence  will  be  employed  to  assign 
the  Stage  2 hium<i(|.ocri t level  for  each  study.  Final  hematocrit  levels  j., 
of  20,  10,  5 and  2 will  be  used. 

4 

4 
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RENAL  LFFECIS  OF  STROMA-i  REE  HEMOGLOBIN  SOLUTION 


METHODS  AND  MATERIALS 


Four  adult  baboons  will  be  the  test  animals.  One  week  prior  to 
the  study,  siliconized  heparin-filled  polyethylene  catheters  will  be 

I 

surgically  implanted  into  the  left  renal  vein,  and  the  free  end  ligated 

and  buried  subcuLaneiously . After  convalescence  from  surgery,  the  renal 

vein  catheter, . wijl  1 be  re-exposed.  Polyethylene  catheters  will  be  intro-^^ 

duced  into  the  aortic  arch  and  suprarenal  vena  cava  via  the  femoral 

vessels.  A suprapubic  cy^vtotoniy  will  provide  urinary  drainage.  The 

u 

animals  will  be  loosely  restrained  in  the  prone  position  and  allowed 

■* 

to  recover  from  tranqui 1 i zation. 


During  the  four  hour  baseline  period,  the  animals  will  receive 
an  intravenous  infusion  of  normal  saline  with  44  mLq/L  of  NaHCO^  at 
a rate  of  10  cc/kg/hr.  This  infusion  will  insure  a constant  basal 
urine  output.  A primary  dose  of  PAH  (40  mg/kg)  and  Inulin  (75  mc/kg) 
will  be  given.  Tliis  will  be  followed  by  a constant  infusion  of  0.5« 
PAH  and  1.0'i  Inulin  in  saline,  at  6 cc/kg/hr  for  the  remainder  of  the 
experiment.  At  60  and  75  minutes  after  priming,  arterial  and  renal 
vein  samples  and  fifteen  minute  urine  collections  will  be  obtained 
for  the  course  of  the  study. 


■I 


Every  30  minutes  thereafter  b ood  samples  will  be  taken.  Beginning 
with  the  first  70  minute  period,  a 50  cc  bolus  of  hemoglobin  solution 
(6  gms  %)  will  be  given  every  15  minutes. 

This  will  continue  until  a volume  of  stroma-free  hemoglobin  solutifvi 
(50%  of  the  animals  calculated  circulating  blood  volume)  has  oeen  infused.  ' 
At  the  end  of  this  period  the  animals  will  be  sacrificed  and  autopsied. 

Renal  C'lea<'ance  Determinations:  Plasma  and  urine  concentrations  of' 

PAH  and  Inulin  will  be  determined  by  spectophotometric  techniaues.  The 
glomerular  filtration  ra/ j will  be  determined  by: 

I ' GFR  = (Urinary  Cone,  of  Inulin)  x (Urine  Flow) 

- n, 

(Plasma  Cone,  of  Inulin) 

The  renal  blood  flow  will  bo  determined  by: 

Renal  Plasma  Flow  = (Urinary  Cone,  of  PAH)  x (Urine  Flow) 

• ' (Renal  Art.  Cone,  of  PAH  - Renal  Vein  Cone,  of  PAH) 

Renal  Blood*  Flow *=  Renal  Plasma  Flow 


1 - Hematocrit 

The  Free  Water  Clearance  will  be  determined  by: 

FWC  = (Urine  Osmolarity)  x (Urine  Volume)  - Urine  Volume 
(Plasma  Osmolarity) 


1. 
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The  urine  aiui  ijlasiua  oimo  lari  ties  will  be  deteriiiined  by  freezing  point 

'■  > 

M 

depression. 


Renal  A-V  Shunting:  To  test  for  renal  A-V  shunting,  blood  will  be 

, drawn  anerobically  for  simultaneous  blood 

1 

gas  determinations. 
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SALARltS 


BUDGET 


A. 

Dioclieini  St 

$ 

17,000.00 

Fringe  Benefits 

1,028.50 

Overhead,  Ibn  of  S+W 

12,750.00 

1 

1 

B. 

Biochemistry  Technician 

$ ' 

13,000.00 

Fringe  Benefits 

786.50 

Ovd>ii(<ad,  75/-  of  S+U 

■ 

9,750.00 

TOTAL 

$ 

54,315.00 

li.. 

SUPPLIES 

A. 

Baboons  - 12  0 S533.50 

$ 

6,402.00 

B. 

Animal  Care,  Approx.  $ 120.00/mo 

1 ,440.00 

C, 

Surgical  Charges 

'■  S35/surgery  x 12  baboons 

420.00 

D. 

Expendable  Supplies 

700.00 

GRAND  TOTAL 


$ 63.277.00 
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PERSONNEL: 


[3UDC.ET  JUSTIFRATIOM 


The  salary  levels  are  consistent  with  the  prevailing 
job  market  in  Chicago.  Two  people  are  necessary 
because  of  the  nature  of  the  studies  plus  the  fact  that 
we  will  be  producing  large  batches  of  stroma  free 
hemoglobin  solution  for  designated  investigators  as  well 
as  studying  its  properties  ourselves. 


BABOONS; 


Four  (4)  for  the  Permatized  Hemoglobin  Study,  f/  ir  (4)  for 

I 

the  P.enal  4itudy,  and  four  (4)  for  the  Cerebral  Response 
Study.  Twelve  (12)  baboons  at  $533.50  each  equals  a total, 
of  $6,402.00.  The  average  monthly  charge  for  animal  cat-? 
is  $120.00  for  tv;elve  (12)  months,  which  equals  $1  ,440.00 


per  year. 
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